Surface-enhanced Raman scattering is the phenomenon where a huge increase of Raman scattering intensity from molecules situated close to the metal nanoobjects is observed. Our study is focused on the method of SERSactivation of silver nanoparticles and, in the future, the application of thus obtained SERS substrates for biomedical purposes. As expected, the intensity of Raman scattering from rhodamine 6G used here as a SERS probe strongly increase during the early stages of aggregation of silver sol. Moreover, the evolution of extinction spectra and changes in the degree of the colloid aggregation observed in DLS measurements point out that molecules of the dye do not participate passively in the aggregation process but greatly aect its course.
Introduction
The recent great interest in noble metal nanoparticles is related to their ability to amplify the light scattered from molecules adsorbed on them. This optical phenomenon called surface-enhanced Raman scattering (SERS) was discovered and described in the 70's of 20th century [1, 2] but still remains the subject of intense reseArchiv. More recently SERS have also begun to be used as a microanalytical tool in biotechnological and biomedical study.
SERS is a combination of two mechanisms. The main contribution to the SERS originates from electromagnetic mechanism (EM) [3] . It is related to the resonance of surface plasmons localized on the metallic nanostructures that arises when the frequency of light matches the oscillation frequency of free conduction electrons of metal.
Molecules adsorbed on the surface (or located in a close proximity) of nanoparticles are aected by electric eld much stronger than in the absence of metal. The second contribution to the enhancement is a short-range resonant mechanism of chemical nature. This mechanism leads to the increase of molecular polarizability, mainly due to the formation of charge-transfer (CT) complexes between metal and adsorbate, and requires molecules to adsorb directly on the nanostructures, in so-called active sites [4] .
The average intensity of Raman scattering from molecules dissolved in suspension containing dispersed isolated silver nanoparticles increases by a few orders of magnitude (typically about two orders) in comparison to pure solution (without silver nanoparticles) but this enhancement is still insucient for practical SERS applications. The method to obtain signicantly stronger SERS signal consists in partial aggregation of colloid [5] . It is * corresponding author; e-mail: skrusz@cm.umk.pl based on the fact that the extremely high electric eld is induced in the junction between closely spaced nanoparticles, in so-called hot-spots. The intensity of light Raman scattered by molecules occupying such places may rise up to 11-12 orders of magnitude [6] . This means that the total enhancement (the result of both mechanisms, EM and CT) makes possible the detection of SERS signal from a single molecule. Phenomenon of such giant enhancement was rst observed in 1996 [7, 8] .
The eect of chloride on the SERS-activation of silver colloid is well known [9] . Chloride ions reduce repulsive forces between nanoparticles and promote their aggregation. On the other hand, chloride can act like a catalyst in adsorption of various molecules on silver surface. The eect of various amount of chloride on the rate of aggregation (in the silver nanoparticles/chloride ions/SERS probe molecules system) has been the subject of earlier authors' works. The purpose of this paper is to nd out what is the role of analyte (a compound used as SERS probe) in the aggregation of nanoparticles.
Rhodamine 6G is used in this work both as a SERS probe adsorbate and the aggregating agent. This cationic xanthene dye is widely used in industry (as a dye or gain medium in dye lasers) but also in biochemical and biomedical application, for example in uorescence labeling.
The most direct method that allows to examine the SERS-activity of silver nanoparticles/KCl/rhodamine system is to record the Raman spectra of analyte. However, the analysis of SERS spectra can not give complete information about the mechanisms behind the observed enhancement, so in this work also other experimental techniques are used.
Studies presented in this paper are expected to contribute to the development of methods for obtaining small aggregates (composed of only a few nanoparticles) with SERS-active molecules trapped inside (in hot spots) that will be preserved and protected from the environment by encapsulation in durable and biocompatible shells (a similar idea is presented in [10] 
Silver colloids production and samples preparation
The nanoparticles used in experiments were prepared using a slightly modied Lee and Meisel method [11] .
For studies carried out in this work silver nanoparticles are obtained by mixing of 100 ml of 1 mM silver nitride with 2 ml of 1% aqueous solution of trisodium citrate.
The last solution was added in 4 portions. First portion 
Instrumentation
The absorbance spectra were collected using a twobeam V550 (Jasco Inc., USA) spectrophotometer in standard 10 mm path length optical glass cells. The time of single scan of extinction spectrum was about 140 s.
The particle sizes were determined by photon correlation spectroscopy [13] . As it can be seen in Fig. 1, in The largest SERS intensity can be observed for sample with 0.3 µM rhodamine. It can be assumed that this corresponds to the situation when the large part of analyte molecules was adsorbed on the surface of colloid aggregated to the extend at which a sucient number of hot-spots was formed inside aggregates.
Analysis of extinction spectra.
Processes occurring in the studied systems which determined their SERS-eciency were also reected in the evolution of the extinction spectra. The most important common feature of all spectra presented in Fig. 3 is a wide band (at 400-450 nm) related to the dipole plasmon resonance of unaggregated nanoparticles. The second spectral feature is absorption band of rhodamine 6G at 527 nm. The third one is broad band that arises in the red and near infrared region. The latter two features are observed only at higher concentration of rhodamine.
As one can see in Fig. 3 , the extinction in violet-blue region signicantly decreases as the concentration of the One can see that the extinction band related to the plasmon resonance of individual silver nanoparticles consistently decreases during 1-hour observation. The rate and extent of these changes strongly depend on the concentration of rhodamine 6G. Their dynamics increases with the amount of the dye. One can also notice that the red band in extinction spectrum shifts to longer wavelengths with time. This shift is related to the increasing size of aggregates and further closing the distance between nanoparticles (see [15] ).
Particle sizing by DLS. Fig. 4 shows the temporal changes of hydrodynamic radii of aggregates. These parameters (R H or R H1 and R H2 , respectively) were calculated on the basis of Stokes-Einstein equation [17] where translational diusion coecients were obtained from one-or two-exponential analysis of autocorrelation function of time-dependent uctuations in the scattering intensity.
Considering the fact that the amount of rhodamine in all samples was many orders of magnitude lower than 
where C SERS and C NR are concentrations of analyte for SERS and normal Raman measurement, respectively, 
Conclusions
The fact that silver nanoparticles aggregate upon addition of chloride-containing compounds is well known and widely described in the relevant literature. However, there are no in-depth studies on the eect of rhodamine 6G on the rate of aggregation and the size of formed aggregates. Presented experiments conrm that potassium chloride is necessary (in presented case) to initiate the aggregation of silver nanoparticles. Moreover, the obtained results point out that the presence of rhodamine 6G denitely aects the ow of this process and this impact strongly depends on the concentration of dye.
Presented observations are qualitative only but, in the future, they certainly will be helpful to determine, control, and monitor the optimal conditions for preparation of SERS-active nanocapsules.
